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Portable, Hand-held, In-Situ Electrochemical Sensor 
for Evaluating Corrosion and Adhesion on Coated and Uncoated Metal Structures 

BACKGROUND OF THE INVENTION 

J. Field of the Invention 

The present invention relates to a portable, hand-held and nondestructive corrosion sensing 
device for detecting the early stages of metal and coating degradation and electrochemical corrosion. 
More specifically, the present invention relates to a portable corrosion sensor which is utilized under 
field (actual, environmental or in situ) conditions in detecting coating degradation and 
electrochemical corrosion of both small and large coated (painted) and uncoated metal structures, 
thereby permitting detection of coating and metal degradation and electrochemical corrosion well 
before serious deterioration of the material or structure has occurred. 
2. Prior Art 

A major goal in the electrochemical field has long been to create a sensor which could be 
utilized in field or service conditions to detect corrosion and adhesion on metal structures of any 
size before significant degradation has occurred. Evaluation of materials and coatings and the 
determination or prediction of corrosion performance of both painted and uncoated metal 
structures or specimens under ambient field or service conditions has traditionally involved visual 
comparisons which are subjective and require blistering, rusting, or other advanced stages of 
degradation. The use of laboratory techniques, such as electrochemical impedance spectroscopy 
(EIS, also known as AC impedance), which has been used to understand and predict corrosion 
performance during immersion exposures in different electrolytes was limited to small structures 
• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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or witness specimens that could be immersed, small sections of material cut from large 
structures, or attachment to the structure of a clamp-on liquid cell in which a liquid or semi- 
liquid electrolyte and remote counter and reference electrodes were contained. 

Inspection of a large structure using conventional EIS methodologies required complete 
immersion or use of a clamp-on cell. Such cells would be filled with a liquid or semi-liquid 
electrolyte (e.g., Kihira etal., U.S. Patent 4,806,849; and Kazami et al, U.S. Patent 4,861,453) 
or a spongy medium impregnated with a liquid electrolyte (e.g., Kondou et al, U.S. Patent 
5,221,893) with remote electrodes immersed in the electrolyte or in intimate contact with the 
electrolyte-impregnated sponge. These cells required an accessible, flat, smooth, and horizontal 
area. The set-up was considered to be time consuming and had to be performed for each 
measurement. Corrosion was detected only directly under the cell and use of the cell actually 
caused artifactual damage to the coating in many instances because of exposure to the electrolyte 
during measurement. 

Davis et al., U.S. Patent Application No. 08/724,753, recently taught a painted electrode 
sensor which eliminates many of the problems discussed above. The actual structure is being 
inspected without exposure to an extrinsic electrolyte. Measurements are possible under most 
natural or accelerated conditions and material and coating degradation are detectable from the 
very early stages. However, the Davis et al, sensor requires an electrode to be permanently 
painted onto the structure and is time-consuming, because of all of the fabrication steps which 
must be completed. It is not suitable for structures in which appearance or aerodynamics 
preclude an attached sensor. The sensor can induce artifactual damage in a small class of 

• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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materials, primarily porous coatings. 

Presently, there is no portable, hand-held corrosion sensing device for early detection of 
electrochemical corrosion, metal and coating degradation which can evaluate degradation on 
structures or material of any size, under in sita or actual conditions, as well as under aggressive 
corrosive conditions, and which requires no permanent attachment. 

SUMMARY OF THE INVENTION 

The principal objective of the present invention is to provide a portable, hand-held and 
nondestructive corrosion sensing device which is utilized under field (actual, environmental or in 
situ) conditions in detecting coating degradation and electrochemical corrosion of both small and 
large coated (painted) and uncoated metal structures, thereby permitting detection of coating and 
metal degradation and electrochemical corrosion well before serious deterioration of the material 
or structure has occurred. The present invention allows for broad applicability, flexibility in 
utilizing the sensor in various environments without structural compromise and/or the ability to 
inspect and evaluate corrosion of the actual structure, regardless of the size of the structure. 

The foregoing objectives can be accomplished utilizing the present invention as a 
portable, hand-held and nondestructive corrosion sensing device providing an in situ sensor for 
producing an output correlative to an identifiable impedance spectrum (i.e., the impedance 
magnitude and phase as a function of the frequency of the applied voltage, created utilizing AC 
Impedance or Electrochemical Impedance Spectroscopy (EIS). The preferred embodiment of 
the invention is a portable, hand-held and nondestructive apparatus, comprising a pen-like device 

• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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which consists of a metal tip which serves both as a counter and reference electrode. The metal 
structure being tested, which either may be coated or uncoated, serves as the working electrode. 
This two electrode sensing device measures differences in impedance spectra which are 
responsive to atmospheric, water uptake, incubation, and corrosion; utilizing, the metal tip as the 
counter and reference electrode, applying a small electrical voltage between the metallic 
substrate of the structure, which serves as the working electrode, and the count er/reference 
electrode and measuring the resulting current based upon the applied voltage between the 
electrodes. The portable, hand-held in situ corrosion sensor contemplated in the present 
invention is pressed against the top coat during inspection. The present invention readily detects 
the early stages of interfacial degradation well before any visual indication of corrosion appears, 
as well as the ability to detect, quantify and monitor coating and metal degradation from its 
earliest stages under both laboratory and field conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an impedance spectrum for painted aluminum following immersion for different 
periods of salt water exposure. 

Fig. 2 is a diagrammatic representation of the pen-like sensing device with attached metal 
tip 2, that serves as the counter and reference electrode. The cable which is attached to 2, is 
connected to the potentiostat. The working electrode 1, is the coated metal being tested and 
connected to the potentiostat with an attached wire 3. 

• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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Fig. 3 is a graphic representation of impedance spectra of epoxy-polyimide painted 
aluminum with and without a scratched defect using both a conventional three-electrode 
measurement and measurements made using three different embodiments of the present 
invention. 

Fig. 4 is a graphic representation of vinyl-coated steel panels exposed to ambient fresh 
water obtained using the present invention. 

Fig. 5 is impedance spectra for a painted aluminum specimen with a scratch to simulate a 
coating defect. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention provides a portable, hand-held, in-situ electrochemical sensor capable of 
detecting and monitoring corrosion of an actual structure from the earliest stages of 
deterioration. The sensor utilizes electrochemical impedance spectroscopy (EIS) for 
investigating corrosion and coating degradation. 

Referring to the drawings, Fig. 1 is a plot of an impedance spectrum for painted 
aluminum following immersion for different periods of salt water exposure. The figure shows 
that initially the coated metal demonstrates capacitive behavior with very high impedance at low 
frequencies. As the coating degrades during immersion, its resistance decreases and the 
impedance become independent of frequency at low frequencies. 

• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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2 Fig. 2 is a drawing of a portable hand-held in-situ sensor with a metal tip 2, which acts as 

3 a reference and counter electrode. 2 is encased in a nonconductive plastic shield in the form of a 

4 pen-like holder for easy grasping in order to hold the tip of the electrode 2 onto the working 

5 painted metal 1 that is being tested. A cable is attached to the top of the pen-like electrode 2, to 

6 facilitate an easy electrical connection to a potentiostat. The working electrode 1, has a cable 
attached 3, for electrical connection to the potentiostat. 
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Fig. 3 is a series of impedance spectra of epoxy-polyamide panted aluminum with and 
without a scratch defect. Each of the three variation of the hand-held probe gives results very 
similar to the conventional three-electrode measurements. Each measurement very clearly 
reflects the presence of a gross defect such as a scratch. 

Fig. 4 is a series of impedance spectra of vinyl-coated steel panels exposed to ambient 
fresh water for excellent condition even after 22 years of exposure; others were severely 
deteriorated even after one year. The correlation using the portable, hand-held in-situ 
electrochemical sensor is excellent. The coatings that appeared in excellent condition exhibited 
very high impedance with predominately capacitive behavior. In contrast, those coatings that 
were in poor condition with numerous blisters or rusty areas had very low impedance and mostly 
resistive behavior. 

Fig. 5 is a series of impedance spectra for a painted aluminum specimen with a scratch to 
simulate a coating defect. As the portable, hand-held, in-situ sensor was moved further from the 
defect, a plateau region at intermediate frequencies appears and corresponds to a conduction 
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path along the surface. 
We claim: 

1 . A method for the early detection of electrochemical corrosion, metal and coating 
degradation utilizing an inexpensive, portable, hand-held, and nondestructive corrosion sensor, 
for detection of corrosion of both small and large coated (painted) and uncoated metal 
structures, under field (actual, environmental or in situ) conditions, comprising the steps of: 

(a) providing a portable, hand-held sensor for producing an output correlative to an 
identifiable impedance spectrum (i.e., the impedance magnitude and phase as a function of the 
frequency of the applied voltage, created utilizing AC Impedance or Electrochemical Impedance 
Spectroscopy (EIS)) comprising a pen-like device which consists of a metal tip which serves 
both as a counter and reference electrode responsive to atmospheric, water uptake, incubation, 
and corrosion which produce differences in impedance spectra, eliminating the need for a remote 
or counter electrode by electrolyte immersion; and utilizing, as the working electrode, the metal 
structure being tested, which either may be coated or uncoated; 

(b) utilizing the sensor, which may be either straight in structural configuration (in 
the form of a pen) or bent in a curved or angled fashion to achieve better access through small 
openings, as the counter or reference electrode and pressing the metal tip of the sensor against 
the top coat of the metallic structure to be tested, a small electrical voltage is applied between 
the metallic substrate of the structure, which serves as the working electrode, and the pen-like 
sensor, and measuring the resulting current based upon the applied voltage between the 

• DACCO SCI, INC. • 10260 Old Columbia Road, Columbia, MD 21046 • (410) 381-9475 • 
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7 (d) converting an analog signal indicative of the measured current to a corresponding 

8 ac impedance signal; 



(c) controlling the detection area of the sensor by wetting the surface of the structure 
with water or other electrolyte allowing the sensor to detect corrosion or coating defects away 
from the sensor wherever the structure is wet. 
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(e) providing a potentiostat' s microcomputer with an operational program 
representative of a functional expression which correlates to distinctive impedance signatures; 
and 

(f) converting the impedance spectrum as a function of accelerated exposure and 
interpreting the said spectrum to determine the stage of corrosion the metal and/or coating has 
experienced. 

2. An apparatus for detection of metal and coating degradation of any metallic structure 
under field (actual, environmental or in situ) conditions, based on an identifiable impedance 
spectrum (i.e., the impedance magnitude and phase as a function of the frequency of the applied 
voltage created utilizing ac impedance or Electrochemical Impedance Spectroscopy (EIS)) 
comprising: 

(a) means for measuring impedance spectra by applying electrical voltage between 
the metallic substrate of the structure as a working electrode and a counter or reference 
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electrode comprising a pen-like device consisting of a metal tip and measuring the resulting small 
electrical current based upon the applied voltage between the electrodes; 

(b) means for converting an analog signal indicative of the measured current to a 
corresponding ac impedance signal; 

(c) a potentiostat' s microcomputer with an operational program representative of a 
functional expression which correlates to distinctive impedance spectra; and 

(d) means for converting the impedance spectrum as a function of accelerated 
exposure and interpreting the said spectrum to determine the stage of corrosion the metal and/or 
coating has experienced. 

ABSTRACT OF THE DISCLOSURE 

A hand-held corrosion sensor is described that uses electrochemical impedance 
spectroscopy (EIS, also known as AC impedance) to detect coating degradation and corrosion 
of coated and uncoated metals. The hand-held sensor is pressed against the surface of the 
structure or specimen to be inspected. An EIS spectrum can then be obtained in the field or 
under arbitrary conditions and the degree of coating or material degradation can be determined 
from the resultant spectrum. There are no restrictions on the configuration of the structure being 
inspected. The area of detection is controlled by controlling the extent and degree of wetness of 
the surface. A dry surface will provide a localized measurement; a wet surface will allow 
inspection of the wetted area. 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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FIGURE 4 
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FIGURE 5 
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I hereby declare that all saTrmmts made herein of my own tnowiedee are tme md that ill gatementt m»> m infers 
ti~. m~t Mi-r m believed to be ^ and father that these ttaaaama — »™<fe irnrmthrfjp. flat wftlrnl 
statemenu — ^ «♦» like « pmwiiaM* by fi^nrm^mm^ tr tmth. nadcr lecnon 1001 of Title 18 of the 

mumg thereon, or any patent to which this verified statcmcm is rinncscd. 



Dr. Guy D. Davis 
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NAME OF INVENTOR 




i of iovcaftor 



June 8, 1998 



NAME OP INVENTOR 



SifM&OT of fciwocar 



PTOV5B/09 (10-92) 



I'M aad7r**n^ Office; U.S. DEPARTMENT OF COMMERCE 



■ 1 IVUUIhMM (WWtlWllQjj 



DECLARATION FOB PATENT APPLICATION 
;.5 a bo low named inventor, i hereby dedara that 

IVy rastdanca, post office addreas and otizenship are as stead below next to my name. 

I believe I am the original, first and sola inventor (if only ona nam* is iistad below) or an origin si. fast and joint invantor (if piurai 
nomas an listed ha(ow) of tha subject matter which is claimed and for which a patent is sought on tha invention onstlsd 

Portable Hand-held Tn-sUn Fiopi-Vnrhoinirai gpncnr fnr , ths spacif ication of which 

Evaluating Corrosion and Adhesion on Coated and Uncoated Metal Structures 
is attached hereto unless tha following box is checked: 

| | was filed on Juno a. i.qqb as United States Application Number or POT International Application 

Number , and was amended on (tf applicable). 

I hereby state that i have reviewed and understand the contents of tha above identified specification, including the daims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which ts material to patentability as defined In TWe 37, Code of Federal 
Regulations. § 156. 

I hereby daim foreign priority benefits under Titia 25, United States Coda, § 1 19 of any foreign application^) for patent or 
inventors certificate listed below and have also identified baiow any foreign application for patant or inventors certificate 
having a f ffing date before that of the a ppli c atio n on which priority is daimad. 

Prior Foreign Appiication(s) 



(Number) 


(Courmy) 


(OawMensVYearfled) 


(Number) 


(Country) 


(DswMNitfirYoarFied) 


(Numbar) 


(Country) 


(DtoyiMMi^efYMrFseatd) 



Priority Claimed 
D Yes DNo 

O Yes O No 

O Yes O No 



I hereby daim the benefit under TBIe 35, United Slates Code, § 120 of any United States appfcathnfc) fisted baiow and. insofar 
as the subjact matter of each of tha daims of this application is not dsdoaod In tha prior United States application in the marv-.ar 
provided by the first paragraph of TBIe 35. United States Coda. § 112. 1 acknowledge tha duty to dlsdose information which is 
material to patentability as defined in Title 37. Coda of Federal Regulations. § 1.56 which became available between the filing data 
of tha prior application and tha national or PCT International filing data at this application. 



(Appiicaaon Number) 



(Fling Data) 



(Appfcaaon Number) 



(Ring Oast) 



(Statu* -patantact, pending, abandoned) 
(Status - patamad, panefcg, aOandonea) 



I hereby appoint the following Hflomey(s) andmr agsntfs) to prosecuta this appaoatfon and to transact all business in the 
Patent and Trademark Office connected therewith: 



Address ait telephone calls to 
Address all correspondence to 



at telephone aumbar 3 c i - St b *f 



I hereby dedare that all statement* made herein of my awn k nowl edge am two and that all statements made on information and 
belief are believed to be true; and further that these statements warn made with the kn o w ledge that wflfful falsa statements and the 
like so made ara punishable by fine or imprisonment, or both, under Section 1001 of TMe 18 of tha United States Coda and that 
such willful false statements may jeooardbse the validity of the application or any patent issued thereon. 

Full name of sole or first j^^r^'^f^a. /amiiy name) Dr. Guv D. Davis 

Inventors signature 

Residence 1 S. §&4cnwood Avenue _____ 



Data 



GBeefioVtSftef} 



-SL/-, 1990 



U.S.A. 



Post Office Address BaiHwnm. md 



i of second joint Invarrtorjf any (given name, faimfV 
rvamors signature ^-fc-.-ArW^ 



Full name i 

Second Inventors stgnatun 
Residence 10260 Sternvheel Place 



,) T)r. ChPsf.Pr M. rianrp.; 



Pate June. 8. 1 QQ8 



Post Office Address Columbia, md ?TD44 



VMuzansntp , 



U.S.A. 



□ 



Additional inventors are being named on separately numbered ahead attached hereto. 
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